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Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312 S239also automatically selected and applied to max-ﬂow/min-cut algorithm
in graph-cut based method to ﬁnd the region.
We calculated dice similarity coefﬁcient (DSC), sensitivity and speci-
ﬁcity of femoral and tibial cartilages for analysis.
Results: The devised scheme was performed successfully on all test
cases. The running machine speciﬁcation was Windows 7 64bit (OS),
Intel i7-2600K (CPU) and 16GB (RAM). The average computation time
was about 30 minutes for the atlas building procedure and 2 hours for
the local adjustment procedure. Figure 1 shows one result of this atlas
building procedure. The left image corresponds to the ground truth
segmentation result. The nine smaller images in the right panel
represent selected results following the registration. The segmented
regions are color labeled and overlaid onto the MR images for better
visualization. Figure 2 illustrates one example of the local adjustment
procedure. The left image corresponds to the merged atlas based result,
while the right image shows the ﬁnal result following the local
adjustment procedure. The analytical performance metrics of our
program are shown in table 1.
Conclusion: A fully automatic segmentation scheme for knee cartilage
from MR images was developed and the performance of the scheme
was evaluated with 40 test cases. The preliminary result is promising.
We are continuing to further reﬁne the algorithm and improve the
performance.Table 1
Evaluation metrics for femoral and tibial cartilages
DSC Sensitivity Speciﬁcity
Femoral cartilage 0.540.05 0.700.08 0.990.00
Tibial cartilage 0.450.07 0.600.12 1.000.00Figure 1. Results of the atlas building procedure. Left image corresponds to the ground
truth segmentation result. The nine smaller images in the right panel represent
selected results following the registration.
Figure 2. Result of the local adjustment procedure. The left image corresponds to the
merged atlas based result, while the right image shows the ﬁnal result following the
local adjustment procedure.450
HIDDEN OSTEOPHYTE FORMATION ON PLAIN X-RAY IS THE
PREDICTIVE FACTOR FOR DEVELOPMENT OF OSTEOARTHRITIS
AFTER 48 MONTHS - DATA FROM THE OSTEOARTHRITIS INITIATIVE
J. Katsuragi, T. Sasho, S. Yamaguchi, R. Akagi, Y. Muramatsu, S.
Mukoyama, Y. Akatsu, J. Endo, T. Fukawa, K. Takahashi. Dept. of
Orthopaedic Surgery, Graduate Sch. of Med., Chiba Univ., Chiba city, Japan
Purpose: To examine frequency and distribution of undetectable
osteophyte formation on plain x-ray examination by magnetic reso-
nance images (MRI) and its role in predicting future development of OA.
Methods: Baseline MRI from of 188 Osteoarthritis Initiative participants
were studied. 120 knees without radiographic OA change (non-OA
knees: i.e., knees with Kellgren/Lawrence [K/L] grade 0/1 on baseline as
well as at 48 months) and 68 knees with radiographic OA change
(preradiographic-OA knees: i.e., those with K/L grade 0/1 on baseline
and more than grade 2 at 48 months). The site of occurrence (8 sites:
medial and lateral femoral condyle (MFC and LFC), medial and lateral
tibial plateu (MTP and LTP), medial and lateral facet of patella femoral
joint (PM and PL), tibial spine (TS), and femoral intercondylar notch
(IC)) and the size of osteophyte in knee joint were assessed and
compared between the two groups. For assessing osteophyte formation
and size, 8 point marginal osteophytes item of Whole Organ MRI
Scoring (WORMS) was employed.
Results:When deﬁning more than score of 3 as positive for osteophyte
formation (mild size osteophyte), osteophyte was more frequently
observed at MTP, PM, PL, and IC in preradiographic-OA knees than in
non-OA knees. When deﬁning more than score of 5 as positive
(moderate size osteophyte), osteophyte was more frequently observed
at only IC in preradiographic-OA knees than in non-OA knees.
Conclusions: Knees with osteophyte formation at IC even in K/L grade
0 or 1 have the risk of development of osteoarthritis in 48 months.
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INVESTIGATION OF THE ROLE OF INTERLEUKIN 16 IN
CHONDROGENESIS OF MESENCHYMAL STEM CELLS AND IN
OSTEOARTHRITIS
G. McKenna y, C. O'Flatharta y, B. Ranera z, G. Shaw y, V. Barron y, F.
Barry y, M. Murphy y. yRegenerative Med. Inst. (REMEDI), Natl. Univ. of
Ireland, Galway, Ireland; z Lagenbio, Univ. de Zaragoza, Zaragoza, Spain
Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S240Purpose: Described initially as a T cell chemoattractant, interleukin 16
(IL16) may be involved in differentiation of human mesenchymal stem
cells (MSC). Both neuronal (nIL16) and pro-IL16 are cleaved by caspase 3
to produce the C-terminal cytokine. nIL16, previously identiﬁed exclu-
sively in neuronal tissue, is a dual function protein and pro-IL16 is
involved in control of cell growth through inhibition of the proto-
oncogene Skp2 and stabilization of p27kip1. Previously, we isolated
genomic DNA from undifferentiated MSCs and cells that had been
exposed to chondro-, osteoge- and adipogenic conditions for 14 days. A
global methylation screen was conducted to identify genes with
signiﬁcant differences in levels of promoter CpG methylation. IL16 was
identiﬁed as a factor with speciﬁc promoter CpG hypomethylation in
chondrogenic cells. The aim of this study was to investigate the role of
IL16 in chondrogenesis and in osteoarthritis (OA).
Methods: Supernatant was collected at various time points over 14 days
of chondrogenic culture and secretion of the mature IL16 cytokine was
analysed by human IL16 ELISA (n¼3). Controls included cell superna-
tant from osteo- and adipogenesis time courses and MSC monolayers
treated with medium  TGFb3. To analyse expression of the uncleaved
nIL16 and pro IL16 isoforms, protein was extracted from chondrogenic
pellets at days 2, 4, 7 and 14 for western blotting. Immunohisochemistry
(IHC) was performed on pellets ﬁxed in 10% formalin, parafﬁn-
embedded and sectioned at 5mm intervals. Further to this protein was
extracted from normal, and early and late OA cartilage. OA tissue was
acquired following informed consent and ethical approval from the
Clinical Research Ethical Committee at University College Hospital,
Galway and normal cartilage purchased from Articular Engineering,
LLC, USA. IL16 western blotting and IHC was performed to analyse how
disease severity impacts expression of IL16.
Results: IL16 ELISA of supernatant from the 14-day chondrogenesis
time course revealed a temporal elevation in the levels of mature IL16
cytokine, supporting the gene expression pattern. This was not seen in
osteo- or adipogenesis or in monolayer cultures exposed to chondro-
genic medium. Western blotting of protein isolated from chondrogenic
pellets showed a temporal decrease in nIL16 and pro-IL16 protein levels
during differentiation (Fig. 1). Intracellular IL16 protein was detectable
in 14 day pellets by IHC but not in normal aged chondrocytes. However,
development of OA was associated with increasing intracellular
neuronal IL16 and the appearance of extracellular staining. Intense IL16
immuno-staining was seen in cartilage obtained from total joint
replacement surgeries indicating that levels of IL16 may correlate with
disease stage (Fig. 2). A novel 64 kDa band was also detected at day 2 of
chondrogenesis and in OA cartilage (Figs. 1B & 2B). This, potentially
processed form of IL16, was undetectable by day 4 of chondrogenesis.
Conclusions: nIL16 and pro-IL16 protein steadily decreased during
chondrogenesis whereas a marked increase in nI-L16 was observed as
OA progresses. Our results suggest that IL16 may be a novel factor
associated with OA and the appearance of a more progenitor-like,
ﬁbroblastic chondrocyte early in disease. These results warrant inves-
tigation of IL16 as a biomarker or a target for future treatments.
Figure 1. Western blot analysis of chondrogenesis time courses in (A) donor 1 and (B)
donor 2, showing a decrease in IL 1b over 14 days and the appearance of a novel 64 kDa
band at day 2.Figure 2. (A) IL-16 IHC in normal, early OA and late OA cartilage. IL-16 staining is
absent in normal cartilage (red arrows). Positive intracellular staining for IL-16 (blue
arrows) together with staining of the extracellular matrix (black arrows) appears with
disease progression. (B) Western blotting for IL-16 in normal, early and OA cartilage.
Increase in nlL-16 also correlates with disease progression and the appearance of
a novel 64 kDa band.
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CHONDROCYTE APOPTOSIS AND PROGRESSION OF CARTILAGE
DAMAGE IS PRECEDED BY SUBCHONDRAL BONE PLATE
THICKENING IN SPONTANEOUS GUINEA PIG MODELS OF
OSTEOARTHRITIS
Z. Zamli, C. Robson Brown, J. Tarlton, M. Sharif. Univ. of Bristol, Bristol,
United Kingdom
Purpose: The aim of the current study is to evaluate the relationship
between cartilage damage and subchondral bone changes with chon-
drocyte apoptosis in two strains of guinea pigs that develop OA
spontaneously.
Methods: Six right tibias of male Dunkin Hartley (DH) and Bristol Strain
2 (BS2) guinea pigs were collected at 10, 16, 24 and 30 weeks of age.
Bone mineral density (BMD) and subchondral bone morphometry of
the medial side of tibial epiphyses were measured using a dual x-ray
absorptiometry (DXA) and a micro-computed tomography (micro-CT)
scanner, respectively. Frozen sections of the tibial epiphysis were
prepared and microscopically scored based on OARSI recommendation.
Percentage of chondrocyte apoptosis in these sections was determined
by the caspase-3 immunohistochemistry analysis. The data obtained
were analysed using one-way ANOVA and followed by Befferoni post-
hoc test.
Results: During early OA development (10 to 16 week), a signiﬁcant
increase (1.3-fold: P<0.01) in subchondral bone plate thickness (SbpTh)
was observed in DH. Both strains demonstrated a decrease in articular
cartilage cellularity between 16 and 24 week of age. However, only DH
showed a signiﬁcant (P<0.01) progression of chondrocyte apoptosis
between 24 (2.8%) and 30 (5.7%) week during which signiﬁcant changes
(P<0.01) in articular cartilage ﬁbrillation (1.9-fold), proteoglycan loss
(1.7-fold) and overall microscopic scores (1.6-fold) were also observed.
These changes coincided with a reduction in subchondral bone
connectivity of DH's tibial epiphysis although not statistically
signiﬁcant.
Conclusions: The results show that the progression of subchondral
bone changes preceded the chondrocyte apoptosis and microscopic
alteration in the articular cartilage. The development of chondrocyte
apoptosis was only signiﬁcant when the articular cartilage became
hypocellular and highly ﬁbrillated. Thickening of SbpTh during early OA
may be an attempt to compensate for the compromised trabecular
bone. A greater connectivity of trabecular bone at the ﬁnal time point
may slow down the acceleration of OA development in BS2.
